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Oxidation of Hydrocarbons in the (Cont. ) 80V/3663 


' Knorre, D.G., LG. Chuchukina, and N.M. Emanuel’ [Institute of Chemical 
Physics]. Dual Function of Metal Stearates in the Rydrocarbon Oxidation 
Reaction 145 

The dual role of copper and manganese stearates as both catalysts and 
inhibitors of oxidation of iso- and n-decanes 1s described. The 
authors determine the critical concentration of cupric stearate 

( —~ 0.03% per mole) above which the induction period for n-decane 
oxidation increases. 


__Mayzus, 2.K., L.G. Privalova, and N.M. Emanuel' [Institute of Chemical 
” Paysite cel + Change in the Mechanism of n-Decane Oxidation in the Course 
of the Reaction 4 152 


The authors have used ct tagged n-decane to investigate changes 

in the rates of formation and consumption of n-decyl hydroperoxides 
during the oxidation of n-decane. The hypothesis that variations in 
the activities of radicals carrying on chain reactions are proportional 
to the accumulation of oxygen-containing oxidation products in the 
reacting mixture is offered as a possible explanation of the 
phenomenon. 
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Babayeva, A. A., Mayzusy Z,» Keo, SOV/62-59-8-6/42 


Emanuel', N. M. 


Oxidation Kinetics of Isobutane in the Presence of 
Hydrogen Bréeide 


Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk, 
1959, Nr 8, pp 1376-1385 (USSR) 


In the present paper the investigation of the catalytic 
oxidation of hydrocarbons is continued and the oxidation 


kinetics of ramified hydrocarbons (in this case isobutane in 
the presence of HBr) is investigated by means of HBr. This 
reaction is very sensitive to the surface condition of the 
reaction vessels. Thus molybdene-glass vessels covered with 
a layer of boron oxides were used. The oxidation was carried 
out on a vacuum unit under static conditions. A figure shows 
the unit used. The way in which the reaction products were 


removed from the vessels is described. The peroxides obtained 
in the reaction were identified polarographically (peroxides 
of tertiary butyl, tertiary butyl alcohol, and acetone). Very 


‘definite stages were observed in the reaction process. In the 


first stage isobutane is mainly oxidized so that it forms the 
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concentration of initial materials) (Figs 3,4). The summary 
reaction process ig represented by the following equations: 
i- . 
CAH, +0.» (CH; ),COOH, (CH; ),COOH + (CH,),CH (CH, ),COH + 
+ (CH, ),co + CH,. There are 5 figures, 4 tables, and 14 ref- 
erences, 9 of which pre Soviet. 


Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Sciences, USSR) 
Moskovskiy gosudarstvennyy universitet im. M. V. Lomonosova 
(Moscow State University imeni MN. vy, Lomonosov) 


December 27, 1957 
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BABAYEVA, A.A.; MAYZUS, Z,K.: BMANUEL', WLM. 


Changes in the chenistry of the oxidation of isobutane in the 
presence of HBr as affected by additions of reaction end 
products. Dokl.AN Azerd.SSR 15 noe11:1009-1013 ='59, 

(MIRA 13:4) 


1, Kafedra khimicheskoy kinetiki Moskovskogo- gosudarstvonnogo 
universiteta imsni Lomonosova i Institut khimicheskoy fiziki 
AN SSSR. Predstavleno akademikom AN Azerbaydzhanskoy SSR M.F. 
Nagiyevyn, 

(Propane) (Oxidation) 
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AUTHORS: Knorre, D. 3-, Mayzus, 2-K-,— SUV 76-33-1236 /45 
Markin, M. Ie, Emanwel', No. Me 

TITLE: The Kinetics of the Valence Changes of Manganese Stearate in 


the Course of the Initial Macroscopic Stage of the Catalytic" 
Oxidation cf n-Decane (Kinetika valentnykh prevrashchenly 
stearata margantsa v khode nachal'noy makroskopicheskoy stadii 
katalizirovannogo okisleniya n-dekana) 


PERIODICAL: Zhurnal fizicheskoy khimii, 1959; Vol 33, Nr 1, pp 215-218 
(USSR) 


ABSTRACT: A short time ago it was found (Refs 1-3) that on the oxidation 
of nedecane (1) several changes take place in the laurates and 
stearates of manganese and cobalt. A valence change of the 
catalyzer takes place which causes its falling out and becoming 
ineffective (Ref 4). In the case under discussion the kinetics 
of the accumulation of colored intermediate products of these 
catalyzers are investigated. The oxidation of (1) took place 2n 
a way already described. The samples were cxamined in the wave 
length of 400 m At by the spectrophotometer Sr-4. It is stated 
that the effective activation energy of the accumulation of the 

Card 1/2 intermediate products of manganese stenrate is 8.1 kcal on the 
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oxidation of (I), whereas the activation energy of the further 
reduction of the intermediate compound is 16.1 kcal. The 
absorption coefficients of the intermediate compound were 
determined in cumene (since it is Simpler than in (1I)) and at 
400 m 4 the value 780 1/g-mol cm was found. Beer's (Ber) law 
is followed up to a catalyzer concentration of 0.016 m{Fig 7). 
Tests with (I), tetralin, and cumene showed that the absorption 
coefficient of the intermediate compound obviously does not 
depend to° much on the hydrocarbon to be oxidized (Fig 6). The 
kinetic ~ur-es of the accumulation of colored intermediate 
products show an initial acceleration (Fig 7). At the curve 
maximum cumene and tetralin show a complete transition of 
manganese stearateto ahigher valence stage and (1) a 30.5; 
transition only. There are 8 figures and 4 Soviet references, 


Akademiya nauk SSSR Institut khimicheskoy fiziki,Moskva 
(Academy of Sciences, USSR, Institute of Chemical Physics, 
Moscow) 
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PERIODICAL: Zhurval fisteneckoy khimdd, !990, Vol 232, Nr oo, 
pr 339 - Ang (155K) 
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Denigov, Ye. T., Mayzus, Ze Bay gov /20-128-4-33/65 


ast 


Skibida, I. Poy ‘emenusT'; NW. Me, Corresponding Member, AS USSR 
Kinetic Laws for Autocatalytic Reactions in Open Systems 


Doklady Akademii nauk SSSR, 1959, Vol 128, Nr 4y 
pp 755-758 (USSR) 


In chemical technology, the continuous process of reactions 
is attempted more and more, i.e. of reactions in open systems. 
While the kinetics of simple processes had already been in- 
vestigated (Refs 2-4), no data are available on autocatalytic 
processes. Therefore, the continuous oxidation of cyclo- 
hexanone to adipic acid by oxygen at 130° was studied. The 
apparatus used permitted the automatic maintenance of the 
inflow of raw material and of the outflow of the reaction 
products. The term of "specific velocity" v is defined as 

the volume of the liquid {nitial component supplied to the 
unit of volume of the reaction vessel in the unit of time. 


The value = indicates the average duration of stay of the 


liquid in the reaction vessel. The content of hydrogen per- 
oxide, adipic acid, and co, in the reaction product is 
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Open Systems 


determined for different v. In the continuous process, & 
stationary state appears, i.e. the reaction rate and the 
discharge of the end product are in an equilibrium relation 
to each other. Figure 1 shows the dependence of the equi- 
librium concentration of adipic acid on v. In the transition 
from the periodic process to the continuous one, it is of 

no importance in which phase of reaction this transition 
takes place since the equilibrium concentration is formed 
corresponding to v, irrespective of the oxidation degree 
attained. While for simple reactions the rate rises mono- 
tonously with v, there is a different dependence for auto- 
catalytic reactions since not only the concentration of the 
initial product but also that of the resulting intermediate 
product (hydrogen peroxide) is decisive. Figure 3 shows that 
the reaction rate passes a maximum at a certain v; if v keeps 
on rising, the reaction rate falls since the concentration 
of the hydrogen peroxide becomes lower. The equation for the 
maximum reaction rate is written down. It is pointed out 
that in the continuous process, in comparison with the 


Card 2/3 periodic process, 4 smaller amount of burning to CO. and H,0 
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Open Systems 


occurs because the reaction products remain in the 
reaction zone for a shorter period. There are 3 figures 
and 6 references, 3 of which are Soviet. 


ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Sciences, USSR ) 


SUBMITTED : June 22, 1959 
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8560L 
3/'062/60/000/006/023 //025/xx 
BO20/B060 
Jl 1910 Ces 2208 / 
AUTHORS: Babayeva, A. A., Mayzus, 2. K., and Emanuel', N. M. 
SKK EE oe 
TITLE: Part Played by the Surface in the Macroscopic Stages of 


Isobutane[Oxidation Reaction in the Presence of HBr 


PERIODICAL: Izvestiya Akademii nauk SSSR. Otdeleniye khimicheskikh nauk 
1960, No. 6. pp. 976-980 


TEXT: The oxidation mentioned in the title consists of two distinct 
macroscopic stages separated in time (oxidation of isobutane with oxygen 
on tert. butyl hydroperoxide, and decomposition of hydroperoxide and its 
reaction with the initial hydrocarbon). The aifferential-calorimetric 
method suggested by A. A- Koval'skiy (Ref. 5) was used for the atudy of 
the oxidation kinetics, and further evidence was found for the two-stage 
reaction course. and the part played by the surface in the macroscopic 
stages of this reaction was defined. The reaction was studied ina static 
vacuum system. A Mo-glass reaction vesse! was washed out with a boric acid 
solution for surface stabilization (Ref. ¢). The differential thermocouple 
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Part Played by the Surface in the 3/062 /60/000/006/023/'025/XX 
Macroscopic Stages of Isobutane Oxidation B020/B060 


Reaction in the Presence of HBr 


consisted of a constantan wire and several copper wires entered into 
0.44-mm quartz capillaries. The junction for the measurement of temperature 
in the central zone was fixed in the centra] capillary, and the junction 
for the measurement of the wall temperature was fixed on the vessel wall, 
The heat flow between the temperature in the center of the reaction 

mixture and on the vessel wall was measured by a mirror galvanometer with 
an accuracy of 2.8.10°9 a/mm/m. The kinetic curves of the accumulation of 
tert. butyl hydroperoxide and the heating curves of the reaction mixture 
during the isobutane oxidation in the presence of HBr are shown in Fig. *, 
while the temperature dependence of AT | (heating maximum) is illustrated 


in Fig. 2. The activation energy determined from the inclination of the 
straight line is 16.8 kcal/mole, which is in gocd agreement with the value 
of 16.4 kcal/mole found earlier from the kinetic curves of the 
accumulation of tert. butyl hydrcperoxide. Tests made by applying a KC] 
layer first onto tbe reaction surface vesse)] and then ontc the surface 

of the central capillary revealed that the heating of the reaction mixture. 
which corresponds to the reaction rate in the hydrepercyide formation, is 
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caused by the liberation of heat in the reaction vessel interior und not 
on its surface. For a proof of the heterogeneity of the second reaction 
stage; the reaction vessel was filled with packing material the kinetic 
curves of the hydroperoxide accumulation with packing material in the 
vessel (Fig. 3) distinctly showing the different effects of the packing 
material upon the first and the second reaction stage. The effect'cf the 
packing material is the same at 150° and 170°C. The missing effect of the 
packing material upon the kinetics of the process in the first stage proves 
the homogeneous character of the tert. butyl hydroxide formation with a 
heterogenecus initiation of the chains. The rate increase in the second 
reaction stage with enlarged vessel surface proves the heterogeneous 
character of this stage. In the oxidation of isobutane in the presence of 
HBr there occurs partly a decompesition of tert. butyl hydropercxide under 
formation of acetone, and partly 1ts reantion with isobutane to form 

tert. butyl alcoho]. In the presence of packing materia: (Fig. 4) the 
amount of resulting acetone is increased. and that of tert. buty! alcohsl 
is decreased. There are 4 figures and 6-references: 5 Scviet and ' US. 
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Reaction in the Presence of HBr 
ASSOCIATION: Institut khimicheskcy fiziki Akademii nauk SSSR (Institute  _ 
m of Chemical Physice of the Academy cf Sciences USSR) M 
SUBMITTED. December 16. !958 
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Yakovleva, V. Qt. 
TITLE: Chain- and Molecular Reactions of Intermecaintesa in the 


Oxidation of n-Decane ‘| 


PERIODICAL: Kinetika i kataliz, 1960, Vol. 1, No. 1, pp 55-62 

T2XT: The authors studied the decomposition kinetics of the hydro-~ 
eroxides of n-dec 1]in n-decane 1n the presence of & -naphthene actins 

as an inhibitor. The latter was added at various stages of the ruscticn 

The constant of hydroperoxide decomposition without chain reaction was 

calculated from the kinetic curves and was found to eguai ‘.7 - 

- 4.961073 min.~'. It is near the value of the reaction rute co: stant 

of the reaction chair branching in the oxidation of n-decane (A 

21.1°107) min. Ae From this the authors concluéed that, besides the 

decomposition of the hydroperoxide molecules inte radicals without chair 

reaction, there also takes place a molecular decomposition under the 

formation of ketcnes and water. « -naphthere was found to react not ont 
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Chain- and Molecular Reactions of Intermediates $195, 60,001, 054,093,007 

in the Oxidation of n-Decane BO15/BO60 

with the RO, radical but also with RO’ radicals developing in the 


hydroperoxide decomposition. The formation of free radicals] with the 
chain branching occurs in parallel to two reactions: the monomolecular 
decomposition of the hydroperoxide RCOH—>RO + OH and the reactior of 
the hydroperoxide with the hydrocarbon HOOH + RH —>RO + H,0- The authors 


established the effective reaction rate constant of the chain branching 
reaction in the oxidation of n-decane as the sum of the constants of the 
monomolecular decomposition of the hydroperoxide (in chlorobenzene as an 
inert solvent) and of the bimolecular reaction of the hydroperoxide with 
n-decane. The reaction rate constant of the bimolecular branching reaction 
rises witr the weakening of the C-H bond in the hydrocarbon in the 
following order: decane isodecane < ethyl penzene< methyl oleate. In the 
oxidation of n-decane, the alcohols were found to be formed ty a chain 
reaction and (partly) a molecular reaction, while they are used uy only 
by a chair reaction. The ketones are formed by a chain resctior, and are 
Jikewise used up by a chain reaction. N. NM. Semenov is mentioned in Lhe 
text. There are 6 figures and 7 references: 5 Soviet, 1 US, ard 1 


British. 
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AUTHORS: Blyumberg, Eo A., Zaikov, G. Ye., Mayzus, 2. K., Emanuel’, 
N. M. ee ee 

TITLE: Oxidation of Ethyl Alcohol in the Liquid- and the Gaseous 


Phase Under Comparable Conditions 
PERIODICAL: Kinetikea i kataliz, 1960, Vol. 1, No. 4, pp. 510-518 


TEXT: The kinetics of ethyl alcohol oxidation in the liquid- and the 
gaseous phase were investigated at various temperatures and pressures. 
Oxidation of ethyl alcohol in the liquid phase was carried out at 
145-230°C and 52-95 atm. The kinetic curves representing the ethyl 
alcohol consumption and the enrichment of the reaction-product during 
liquid-phase oxidation at 52 atm and 145, 200, and 230°C appear in Fig. 1. 
Phe reaction rate increases with temperature. The activation energy of \K 
ethyl alcohol oxidation in the liquid phase is 10.2 koal/mole. The 
reaotion products of ethyl alcohol oxidation in the liquid phase at 

200°C and 52 atm are tabulated. The main reaction products of oxidation 
in the liquid phase are acetic acid and ethyl acetate. Fig. 2 shows the 
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: 883568 
Oxidation of Ethyl Alcohol in the Liquid- and s/195/60/001/004/004/015 
the Gaseous Phase Under Comparable Conditions BO17/B05 5 


kinetic curves of ethyl alcohol consumption and enrichment of reaction 
products during oxydation at 230°C and 52, 70, and 95 atm. The corres- 
ponding curves for oxidation in the liquid phase at 52 atm and 145 and 
200°C over cobalt acetate are shown in Fig. 3. Both the reaction 

kinetics and the composition of the reaction products in gaseous phase 
oxidation of ethyl alcohol differ from those in liquid phase oxidation. 
In gaseous phase oxidation, CO and acetaldehyde are the main reaction 
products. The kinetic curves of ethyl alcohol consumption and the enrich- 
ment of the reaction product during gaseous phase oxidation (200°C 

20 atm) at ethyl alcohol concentrations of 2.6 » 107) and 0.54 «107 Smole/cm 
are represented in Fig. 4. Fig. 5 shows the corresponding curves for 
temperatures of 200, 230, 250, and 280°C and 20 atm st alcohol concentra- 
tions of 2.6 +1073 nole/cm. The influence of temperature on the gaseous 
phase oxidation of ethyl alcohol at 200 and 280°C and 200 atm is illustra- 
ted in Fig. 5. The CO and CH, contents of the reaction products inorease 


3 


with temperature. The activation energy for the oxidation of ethyl 
alcohol in the gaseous phase is 18 kcal/mole. N. N. Semenov is mentioned. 
There are 5 figures, 1 table, and 21 references: 7 Soviet, 8 British, 


Card 2/3 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R001033120006-5" 


“APPROVED FOR RELEASE: 06/14/2000 
Si Me PEe or eee et rete ARON RE RARER beset 
OxiGation of Ethyl Alcohol in the Liquid- and 8/195 ae 
the Gaseous Phase Under Comperable Conditions Bo eees 1/004/004/015 


3 US, 1 Italian, 1 Indian, and 1 Swiasg. 
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AUTHORS: Mayzus, Z. K., Bmanuel', N» He, 3/020/60/131/02/040/071 
Carresponding Member AS USSR, B004 /B007 - 


Yakovleva, V. N. 


TITLE: The Mechanism of the Decomposition of Intermediate Hydroperoxides 
in the Oxidation|of n-Decanes'|in the Liquid Phase 


PERIODICAL: (USSR) Akedemii nauk SSSR, 1960, Vol 131, Nr 2, pp 351 - 353 
USSR 


ABSTRACT: It was the aim of the present paper to determine the quantitative 
relationship between the molecular and chain-reaction decay of 
the hydroperoxides of n-deoyl in the oxidation of n-decane in an 
oxygen current at 130°. The investigation was carried out by ad- ; 
ding a-naphthol as inhibitor of the decomposition of hydroper- a 
oxides in various stages of oxidation. Figure 1 shows the action 
of a-naphthol upon the concentration of the hydroperoxides. The 
jnorease in the concentration of the hydroperoxides is rapidly 
stopped, in which case, however, the concentration does not re- 
main constant, but a noticeable decomposition of the hydroper- 
oxides by reactions different from chain reactions may be observed. 
The velocity constant of this resotion is independent of hydro- 


Cara 1/3 peroxide concentration and equals 107.107? min”. As this value 
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The Mechanism of the Decomposition of Intermediate Hydro- 8/020 60/131 /02/040/071 
peroxides in the Oxidation of n-Decanes in the Liquid BO04 /BOO7 

Phase 


ie considerably lower than the constant of the total hydroperoxide 
decomposition measured in reference 1, the oxygen eupply was 

stopped at a certain concentration of the hydroperoxides, and the 
decomposition of the hydroperoxides was investigated with and 

without addition of the inhibitor in nitrogen atmosphere. As 

shown by the kinetic curves represented in figure 2, the decompo- 
sition of the hydroperoxides 4g considerably inhibited by the in- 
hibitor. The non-chain reaction-like decomposition in the pres- re 
ence of the inhibitor is not influenced by oxygen. As no RO,-ra- 


dicals occur in nitrogen atmosphere, the a-naphthol must enter 
into reaction with other free radicals{| e.g. with RnO-radicals. 
The ratio between the decomposition rate of hydroperoxides by 
chain- and non-chain reaction does not remain conetant in the 
course of oxidation. The ratio between the decomposition rate 
in the non-inhibited process and that in the presence of 
a-naphthol at the same hydroperoxide concentration served the 
purpose of a qualitative evaluation. The length of the decomposi- 
tion chain determined in thie manner changed from 20 links at the 
Card 2/3 beginning of the reaction (hydroperoxide concentration = 0.6%) 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R001033120006-5" 


"APPROVED FOR RELEASE: 06/14/2000 SUS RDE SO coer ende russ. 2 00Uee _— 
6899} 
The Mechanism of the Decomposition of Intermediate po ae 
Hydroperoxides in the Oxidation of n-Decanes in the BO04 /B007 


Liquid Phase 


to 3 links with a hydroperoxide concentration of 2.1%. Figure 3 
shows that the decomposition velocity constant rapidly decreases 
with increasing concentration of a-naphthol to a constant value, 


which amounts to 1.7 - 1.9.10"? min™', In the course of speciel ,}~ 
experiments, the authors found that no ketones are formed. Mea- 
surement of the alcohol concentration and of the hydroperoxide 
concentration of n-deoyl in the presence of phenol as inhibitor 
resulted in full agreement of these values. This means that the 
total quantity of alcohol has formed from the hydroperoxides by 

the transformation of RO-radicalse. There are 3 figures and 

8 references, 4 of which are Soviet. 


ASSOCIATION: Institut fizicheskoy khimii Akademii nauk SSSR (Institute of 
Physical Chemistry of the Academy of Sciences, USSR) 


SUBMITTED: December 14, 1959 
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AUTHORS: Mayzus, Z. K., Skibida, I. Pos 3/020/60/131/04/045/073 
Eaenuet?, No H., Corresponding Member BO04/B125 
AS USSR 

TITLE: fhe Mechaniem of Chain Branching in the Reaction of the Oxidation 


of n-Decane uy 
PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol 131, Nr 4» pp 980 - 882 (USSR) 


PREX?T: Phe authors discuss the reaction equations ROOH —» RO° + OH’ (1), 
2ROOH ~> RO; + RO° + HO (2), and ROOH + RH —> R° + RO° + HpO (3) in view of 


their energetic probability. Their experimental investigations are based on the p 
fact that the equations (1) and (3) differ from each other by the effective par- 
ticipation of the hydrocarbon in equation (3). If equation (3) is valid, then a 
dependence of the decomposition of the ROOH compounds (hydrogen percxides) on the 
concentration of the hydrocarbon should be observable. They measured the rate of 

the branching of the reaction in solutions of n-decyl hydrogen peroxide in 
chlorobenzene and in mixtures of chlorobenzene and n-decane. The hydrogen per- 

oxides were obtained by oxidation of the n-decane, converted into sodium salts, 

and extracted from the liquid phase by means of chlorobenzene. The rate of the 
reaction was determined according to reference 2 on the basis of the consumption 
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The Mechaniem of Chain Branching in the Reaction 8/020 69/131/04/045/073 
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of the a-naphthol used as an inhibitor. The authors describe the measurement of 

the concentratice0f the a-naphthol: double extraction by means of 1 N Na0#, 

reaction with phenyldiazonium and measuring the intensity of the coloration of 

the resulting azo-compound by means of an SF-4 spectrophotometer at 520 mp. They 
attained the result that the hydrogen peroxides also decompose in pure chloro- 
bénzene and, to be sure, according to equation (1). In the presence of n-decane 

the rate of decomposition corresponding to equation (3) increases linearly with a4 
the increasing concentration of the n-decane (Fig 1). The reaction thus takes 

Place simultaneously monomolecularly as well as bimolecularly Yor the monomolecular 
reaction (1) the rate constant kK, (in pure chlorobenzene) was found equal to 


0.268.107? sec’'. The constant k, of the bimolecular reaction was determined from 
the inclination of the line (Fig 1) to equal 1.65210" aol “4, se07 61. The authors show 
the agreement of the effective constant kort = k, + k, [RH] found in reference 2 
with these values. The dependence of the reaction constant Ky on the type of 


golvent was further studied in solutions of iso-decane, ethyl benzene and methyl 
oleate in chlorobenzene. The experimental results are likewise graphically 
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represented in figure 1. The values for ky show that the reaction rate increases 


in the same sense as the oxidizability of the hydrocarbon; that is, it increases 
with the decreasing stability of the C-H bond of the hydrocarbon. The authors 
mention a paper by N. N. Semenov (Ref 4). There are 1 figure and 6 references, 


4 of which are Soviet. 


ASSOCIATION: Institut khimicheskoy fiziki Akademii neuk SSSR (Institute of 
Chemical Physics of the Academy of Sciences, USSR 


SUBMITTED: January 3, 1960 
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BO004/38007 
57 PROO 
AUTHORS s Blyumberg, E. A.,; Zaikov, G. Ye.> Mayzus, Z. K. 
Emanuel', N. M., Corresponding Member of the AS USSR 
TITLE: The Differences in the Oxidation Mechanism of Ethyl taseean | 


in the Liquid and in the Gaseous Phase 


PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol. 133, No. 15 
pp. 144 - 147 


TEXT: In the preceding papers (Refs. 1, 2) some of the authors found that 
the oxidation of n-butanelin the liquid atate is more advantageous than in 
the gaseous state. In the liquid state, the reaction develops at lower 
temperature and at a high rate, it is more selective and such products of 
an intensive oxidation as are characteristic of the reaction in the gaseous 
phase lack nearly entirely. N. N. Semenov (Ref. 3) explained this differ- 
ence by a change in the ratio of two competitive reactions: 


RO, —) R'0° + R"OH (1) and RO, + RH ——> ROH + R’ (2). Low pressure and 


high temperature are intended to promote the course of reaction (1), high 
pressure and low temperature are expected to promote that of reaction (2). 
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For the purpose of checking this assumption, the suthors investigated 

the oxidation of ethanol in the liquid phase (200°C, 50 atm) and in the 
same autoclave also the oxidation in the gaseous phase at reduced pres- 
sure (20 atm). The results of both reactions are compared in Fig. 1. The 
following characteristic features for these two reactions were observed. 
1) Liquid phases No induction period, high acetic acid~ and ethyl acetate 
yield, low yield of CO, small quantities of acetic aldehyde, which appears 
only as an intermediate product. 2) Gaseous phase: Long induction period 
(10 h), slow course of reaction, little acetio acid and ethyl acetate, 
much CO, and acetic aldehyde as the main product. Formic acid and peroxide 
in both cases form in only small quantities, because they are not stable 
under the experimental conditions selected. The authors disouss these 
results on the basis of reaction equations. As the concentration of alco- 
hol under the experimental conditions in transition from the liquid to 

the gaseous phase is reduced only to 1/5, this alone cannot be the cause 
of such a difference in the course of the reaction. By calculating the 
ratio k,/k, of the rate constants of the reactions (1) and (2), they find 
that ko /kys in transition from the liquid to the gaseous phase, does not 14 
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change by the five-fold but a thousand-fold. The main factor of the 
difference in the course of the reaction is therefore not the greater 
density of the liquid phase, but a specific behavior of the liquid 
phase, which may be caused either by intermolecular hydrogen bonds or 


by the reaction of ions lacking in the gaseous phase. There are 1 figure 
and 4 Soviet references. 


ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 


of Chemical Physics of the Academy of Sciences, USSR 
SUBMITTED: March 29, 1960 
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1. Institut khimicheskoy fiziki Akademii nauk SSSR. 2. Chlen- 
korrespondent AN SSSR (for Bmamel'). 
(Nitrosyl chloride) (Propane) 
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B004/B056 
AUTHORS: Gagarina, A. B., Mayzusa, 2. K., and Emanuel', N. M., 
Corresponding Member of the AS USSR 
TITLE: Critical Phenomena in the Action of Inhibitors Upon 


Degenerately Branched Chain Reactions 


PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol. 135, No. 2, 


pp. 354-356 ws 


TEXT: The authors studied the influence of various parameters of 8 aoe 
reaction upon its course. For degenerately branched chain reactions in the 
gaseous phase, N. N. Semenov (Ref. 1) derived the critical conditions under 
which inflammation of the gases occurs. A study of the oxidation of 
n-decane in the presence of copper stearate (Ref. 6) showed that critical 
phenomena may occur also in the liquid phase. It was the purpose of the 
present work to prove the existence of critical concentrations of 
inhibitors in the oxidation of hydrocarbons, and to measure these 
concentrations. The authors investigated the oxidation of n-decane at a 
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constant concentration of the inhibitor a-naphthol. The inhibitor was 
added two hours after the oxidation had begun, when the concentration of 
the hydroperoxides had attained 0.17 mole%. The concentration of 
a-naphthol was checked with a spectrophotometer. From Fig. 1 it may be 
seen that at a-naphthol concentrations between 8.2°1077 and 3.3+10-7 
mole/1, the oxidation of n-decane is nearly entirely inhibited. If the 
a-naphthol content drops from 3.3°1077 to 3.4*107!, an autocatalytic 
oxidation occurs such as occurs even if there is no inhibitor. There are 
1 figure and & references: 5 Soviet, 1 US, and 2 British. 
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ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SJSR (Institute 
of Chemical Physics of the Academy of Sciences USSR) 


SUBMITTED : July 22, 1960 
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Reactions 
gs ; ; 
wont ff] Legend to Pig. 1: The kinetic curve of 
71 the accumulation of hydroperoxides in 
7 an ,bhe oxidation of n-decane at 130°C ana 
. various concentrations of a-nephthol 
13 expressed in mole/1 


(12 8.27107", 2: a.qet077, 3: 3.3-1077, 


4: 2.9°107! 33 3.181077, 6: 1.0+107/, 
7) hours, a} mole%, 


a 
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TEXT: (he vatino:s point out that most published infarct 

om obemical KRimetics relates to closed S¥stems, tle. thos: soared 

Mees oxehonge with the ~Hreroundings. thes Reve nrevieustv sce at 
together with ye 1 Denvsov (Ref. 7: Ookbh. AN SSSR, t26 vary Abe 

“HM MUtocstoelivtio teaccion in an oanen svstem, For the peautns sy . 
thew sefected the oxttotion ot n-decane, which is intereeiirs ic 
cCompbreated reaction waving a Comparativebly barge mumber arto en: ore 
mediate oroducts Th. ONretabion was curried rut oat bee oan yf 
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"os Tube te mintiasm a constant leved for tne reacting etek 

ee stonceock Yor snmeting ts The decane was noured into the .ocwet 
maoovr dived in a rlosed evstem to 7 certarn Hegree; theres. ce woe 


Wecane wys added at oe constant rate. the votume of biquid rn +: 
Vessel being kept constant by continnons cemeaval through tune 
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of the kinetics ... 


their stotionary concentration by x and y and 
concentrations by Xo and ¥5 the authors show that a 


effect can occur at values of 1 
v< Ay, ie re 
and Ay >o or Ax < O and Byo< oO. 


and Ay = y - y. "Overshoot" can occur at 


° o 
v if Ax,>0, Ay <o or Ax <o and Ay >o. 


= xX 


22% is determined only by 
re) 
Fig.6 shows the rules of accumulation of hydro- 
acids (curves 1, 2, left-hand ordinate) 
right-hand 
These curves show that by 


VA 


respectively, 
respectively, 
-] 

v (hours ’)., 


the relative yields ot the components can be changed. 
In general the maximum rate of accumulation of component c 


in 
k 
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— JD accurs at greater vatues of v than it the 
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last stage were absent. Furthermore, except when kK. S k,, » the 


maximum rate of accumulation of each successive seeaaee is attained 

at values of v-oless than that corresponding to the maximum rate 

of accumulation of the preceding product. The conclusion can be J 
drawn that acids are not formed in n-decane oxidation from ketones Le 
end alcohols. Yn an open system the alcohols, ketones and acids 

“ve formed directly from hydroperoxides, but for a closed system 

! S Vartanyan, together with the present authors Z. K. Mayzus 

and NM fmanuel', have shown (Ref.8: “4h. fiz. khimii, 30, 662,1956) 

that the acids are formed from hydroperoxides via an intermediate 

stage of ketone formation. There are 6 figures and 11 references. 

9 Soviet-bloc and 2 non-Soviet-bloc. The English-language 

references read as follows: Ref.4: K. G. Denbigh, M. Hicks, 

t M. Page, frans. Faraday Soc., 44, 479, 1948; Ref.1O: L.J. Durham. 

i S Mooser, J. Amer Chem.Soc., 80, 327, 1958. 


ASSOCIATION: . Institut khimicheskoy fiziki AN SSSR 
(Institute of Chemical Physics 4S USSR) 
UBMITTED - vebruary 7, 1961 
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S/020/61/140/001/614;;'Ue: 
B127/B101 


AUTHORS: Gagarina, A. B., Mayzus, Z. K., and Emanuel’, N. M. , 
Corresponding Member AS USSR 
| 


TITLE: Critical phenomena in hydrocarbon oxidation in the presence 
of inhibitors in open systems 


PERIODICAL: Akademiya nauk SSSR. Doklady, v. 140, no. 1, 1961, 153 - 136 


TEXT: The authors referred to N. N. Semenov (0 nekotorykh problemakh 
khimicheskoy kinetiki i reaktsionnoy sposobnosti - Some problems of 
chemical kinetics and reactivity, Izd. AN SSSR, 1958, p- 632) who showed 
that a critical concentration of inhibitors affects the oxidation process 
considerably. At a concentration lower than the critical one, the process 
is selfaccelerated, while at a higher concentration it becomes steady. 

The mathematical analysis was.carricd out by ¥. M. Andreyev. In this 
paper, the authors published the expcrimental studies. Their method is 
described in Ref. 5: Ye. T. Denisov, Z. K. Mayzus, I. P. Skibida, 

N. M. Bmanuel', DAN, 128, 755 (1959). The oxidation was conducted by 
bubbling oxygen at 135°C through a mixture of n-decane with an inhibitor 
(a-naphthol). The process was checked by iodometric titration of the 
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Critical phenomena in... B127/B101 
peroxides obtained. when the inhibitor concentration changes from g.107? 
to 9.05+1079 mole/ml, the steady hydroperoxide concentration drops 
sharply, practically to zero . The authors show thit the critical inhi- 
bitor concentration depends on the peroxide concentration. The following 


Wo aon 
reactions constitute the total oxidations RH + 0, —-R’, chain formation. 
k k 
Chain lengthening: R° + 0,——> R05 and RO, + RH —2> ROOH + R. Cleavage: 


k k k 


ROOH — > RO" + OH’. Chain rupture: RO, + RO, —» and ROS + In? ROOH + In’ 


(In = inhibitor). According to V. N. Andreyev who obtained 
aoe 2uskyWo 2agky Wo h 
UnHhe =2)/ gett t Kaeo 8 (4) 
for the critical inhibitor concentration and 
hy _ 2|RHI hs 1 
is = Bo (V{inel],, — Veuve) (3) 
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Critical phenomena in... B127/B101 
) for the ratio. The authors determined the ratio k_/k. for 

Ko = cr qe 
g-naphthol as an inhibitor, using the experimentally determined constant: 

i a | 
Ink]. . = 9-10 9 mole/mi, and the following constants: v = O.Shr 
RH} = 5.24107) mole/ml, @, = 1.8.1077 mole/ml. It was found that 
k/k, = 1.33-10°, The activation energy of the reaction of RO, with 
n-decane equals 15.1kcal/mole, and that of the reaction of RO} with 


a-naphthol equals 5.4kcal/mole. v is determined by W/V. W is the volume 


a ~~ 
of the substance entering the reaction vessel per unit time, and V is the 
volume of the reaction mixture. There are 3 {itgures and 7 Soviet refer 
ences. 


ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Sciences USSR) 


SUBMITTED: May 20, 1961 
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s/020/61/140/002/019/023 
5 4300 B1 30/5110 
AUTHORS: Zaikov, G. I., Mayzus, Z.~K., and Emanuel, N. M., Correspond- 
ing Member AS USSR 
TITLE; Mechanism of chain ramifications during oxidation of methyl 
ethyl ketone in liquid phase X 


PERIODICAL: Akademiya nauk SSSR. Doklady, v. 140, no. 2, 1961, 405-408 


TEXT: The authors found that the degenerate chain ramification during 
oxidation of methyl ethyl ketone (I) in liquid phase proceeds through the 
decomposition into radicals of two intermediate compounds, keto hydro- 
peroxide and diacetyl. (I) was oxidized with atmospheric oxygen in an 
autoclave at 50 atm and 100-145°C. The oxidation products (acetic acid, 
ethyl acetate, diacetyl, ethanol, peroxides, CO, and C02) were analyzed 
chemically or by paper chromatography. From the course of the kinetic 
curve for the (I) consumption (Fig. 1) it may be concluded that the oxida- 
tion is a reaction of the first order. In fact, a complicated process 
takes place, which is suggested by the chain reaction and the anomalously 
low factor before the exponential function in the equation for the constant 
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of the reaction rate, k = 5.2-10 exp(11,200/RT) bea. The chain 
character of the process was proven by addition of a-naphthol (Il) as 
jnhibitor. In the presence of (II), a noticeable induction period occurs, 
the duration of which rises with increasing inhibitor concentration. The 
rate of formation of chaine during oxidation of (1) yas determined from x 
the kinetics of inhibitor consumption: Wo = 1-9°107 mole/liter-sec at 
145°C. During the process, the rate of initiation rises as compared with 
due to the formation of degenerate ramifications. The rate of 
initiation during the reaction was determined by measuring the consumption 
of inhibitor (II) freshly supplied at different time intervals. Fig. 3 
shows that the oxidation of (1) proceeds like a chain reaction. The rate 
of initiation, however, rises to double its value only. For the rate Ww of 
oxidation of (J), it is written down: © = (x,/Viez)[RCOR,Jo,'/*. An 


increase .of the reaction rate | to double its value changes the initiation 


rate eee by the 1.3-fold only, which leads to a linear dependence of the 


reaction rate on the concentration of (1), i-e., to a reaction of the first 
order. The rate of chain ramification during oxidation of (1) rises in 
proportion with the accumulating amount of keto hydroperoxide only at the 
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beginning of the reaction. Later on, 4 higher total rate of formation of 
radicals is observed than corresponds to the decomposition of keto ; 
hydroperoxide into free radicals. This shows that, besides keto hydro- 
peroxide, other intermediates partioipate in the chain ramification x 
during oxidation of (I). The apeumption of a cooperation of diacetyl 

(formed in thie reaction and readily decomposable into two dicate) was 
confirmed by an inoreasing rate of chain ramifioation on addition of 

diacetyl. ‘The dependence of the ramification rate on the total conoentra~ 
tion of keto hydroperoxide and diacetyl is caloulated: 


wy = hy (Dl + Aa [Pls = Aa {iil + BIPH| On 
Here, ©, ie the rate of initiation at a certain inetant of the reaction; 
[D] and [P] are the concentrations of diacetyl and keto hydroperoxide. On 
admixture of an additional amount of diacetyl, Eq. (1) obtains the form: 

wy =A (Diet AeIPL =A {IDL + PIPL} (2)- 

From (1) and (2), we obtain: Pee ny eo 8 
co, (2p = {[>], + (xo/e,) [P],4/{[P le + (1 /e,)[P],}eko/k, can easily be 
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caloulated since the other data are experimentally determined. The 

', authors found for k, at 145°: 1.0°10°75 seo™!, for ky: 1.4°1074 gecnl, 4 
.. There are 4 figures and 14 references: 11 Soviet and 3 non-Soviet. The 

'. three references to English-language publications read as followa: W. D. 

2 Emmons , G. B. Lucas, J. Am, Chen, 8oc., Wak 2287 (1955) J.8, F. Pode, We As 
Waters, J. Chen, Soc, 1956, 717) W. A. Watera, J. Chem. Soc., 1946, 1151. 


- ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk sssp (Institute 
Se de of Chemical Physios of the Academy of Sciences UssR) 


-. SUBNITTED: May 20, 1961 


i‘ Pigs 4. Kinetie curves for the consumption of methyl ethyl ketone and the 
'". @@ovmulation of reaction Products at T » 145°C, pressure « 50 atm, and air - 
: vVeloolty » 20 liters/hr. (1) Consumption of methyl ethyl ketone, (1') semi- 

Ogarithmic anamorphosis of ourve 1, (2) acoumulation of acetic acid, 

§3) C02, (4) CO, (5) ethyl acetate, (6) diacetyl, (7) keto hydroperoxide 
tight-hand ecale), (8) ethanol (right-hand ecale), 

Legend: (a) hr, (b) moled,. 
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s/062/62/000/007/002/013 
B117/B180 


AUTHORS : Zaikov, G. Ye., and Mayzus, Z. K. 


TITLE: Reasons for the different mechanism of oxidation of organic 
substances in gas or liquid phases 


PERIODICAL: Akademiya nauk SSSR. Isvestiya. Otdeleniye khimicheskikh 
nauk, no. 7, 1962, 1175 - 1184 


TEXT: Methods described in previous papers (E. A. Blyumberg, G. Ye. Zaikov, 
and N. NM. Emanuel’, Dokl. AN SSSR. 139, 99 (1961); Neftekhimiya 1, 235 
(1961); E. A. Blyumberg, G. Ye. Zaikow Z. K. Mayzus, and N. M. Emanuel’, 
Dokl. AN SSSR 133, 144 (1960); Kinetika i kataliz 1, 510 (1960); 

G. Ye. Zaikov and Z. K. Mayzus, Kinetika i kataliz (1962); E. A. Blyumberg, 
Z. K. Mayzus, #fid N. M. Emanuel’, sb. "Okisleniye uglevodorodov z 

zhidkoy faze" ("Oxidation of hydrocarbons in the liquid phase"), Izd. 

AN SSSR, M., 1959, p- 125; G. Ye. Zaikov, Zh. analit. khimii 15, 104 
(1960); 15, 639 (1960); 17, 117 (1962)) were used to study the oxidation 
of ethyl alcohol and methyl-ethyl ketone with different amounts of benzene. 
Experiments with ethyl alcohols 200°C, 50 atm., alcohol 1 benzene ratio 
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SB 2a) Tare 2, and 13 3- Experiments with methyl-ethyl 
ketones 145°C, 50 atm., ketone 3 benzene ratio = 13: 1, 1: 2, 153 3. In 
both cases, an increase in benzene, which reduces the dielectric constant 
of the medium, was found to alter the composition of reaction products. 
With ethyl alcohol, the amount of products obtained from the bimolecular 
reaction of peroxide radicals was 20% at 1 5 3, and 80% in pure alcohol. 
With methyl-ethyl ketone, (1 5 3) the reaction products had the same 
composition as with oxidation in the gas phase. Differences in the oxida- 
tion mechanisms of polar organic compounds in ges and liquid phases are 
due to the rate of the reaction between the peroxide radical and the 
oxidizing substance (bimolecular reaction), the dieleotric constant of 

the medium, and the formation of intermolecular hydrogen bonds. The bi- a 
molecular reaction between RO, and the test material, is between two - 


dipoles and slows down a8 polarity decreases. Good agreement between 
experimental and calculated dipole moments confirms the structure assumed 
for the activated complexes in the. case of methyl-ethyl ketone, but not 


for ethyl alcohol. This shows that the reaction rate of RO, and ethyl 
alcohol is not only dependent on the polarity of the medium but also on 
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the formation of intermolecular hydrogen bonds. It is not the individual 
molecules (RH and RO, ) which react, but aggregates consisting of five or 


more particles linked by hydrogen bonds. There aré 5 figures and 
3 tables. 


ASSOCIATION: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Soiences USSR) 


SUBMITTED: January 30, 1962 
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$/195/62/003/006/002/011 
£075/E436 


AUTHORS: Zaykov, G.Ye., Mayzus, ZK, 


TITLE: | . Oxidation of methylethylketone in the liquid ana gaseous 
phases 


PERIODICAL; Kinetika i kataliz, v.3, no.6, 1962, 846-854 “ 
TEXT: A comparative study of the mechanism of oxidation of 


' bonding in“the oxidized molecules, - The Aiquid phase oxidation was: 
studied for the first time. Both the| liquid and gaseous 

oxidation were carried out at 145°C and 50 atm. The liquid ; 
oxidation was a complex chain reaction imitating a first order ‘ 
' reaction. Individual stages of the reactions were studied by ; 
adding a-naphthol at various times during the reaction, this this 
Stopped the chain reactions and permitted to characterize ee 
the non-chain reactions. Diacetyl, ketohydroperoxide and 
ethylacetate (intermediate oxidation products) undergo non-chain 
decomposition, the hydroperoxide in this case decomposing much 
more rapidly than hydrocarbon hydroperdéxides, Diacetyl decompores 
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at a higher rate than that calculated from the consumption of 
a-naphthol which indicates that the branching reaction is not the 
only decomposition process. Ethylacetate is decomposed by water 
forming during the oxidation, acetic acid thus produced being a 
part of the total acid formed, The remainder of the acid is 
formed from the decomposition of diacetyl. Acetic acid is also 
formed from ketohydroperoxide via diacetyl. In the gaseous phase 
oxidation there is formation of formaldehyde, acetaldehyde, 
acetone, formic acid, methyl acetate, methyl alcohol and CO, 


whichare not produced in the liquid phase oxidation, Conversely, 

the formation of ethylacetate and diacetyl decreases during the { 
gaseous oxidation, There is little difference however in the al 
formation of acetic acid. Comparing the rates of formation of z 


the oxidation products during the two types of oxidation, the 
authors conclude that the specificity of the liquid phase oxidation 
is due to the polarity of the oxidized substance. Comparison 

with the oxidation of ethyl alcohol indicates that hydrogen bonds 
also affect the mechanism of oxidation, The mechanism of chain 
branching is the same for the liquid and gaseous oxidations which 
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indicates that the polarity of the oxidized substance affects all 
the stages of the oxidation process, There are 6 figures and 
2 tables. 


ASSOCIATION: Institut khimicheskoy fiziki AN SSSR 
(Institute of Chemical Physics AS USSR) 


SUBMITTED: October 7, 1961 % 
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B145/B138 
AUTHORS: wayzus, E<-X., Enanuel't, N. M., Corresponding Member AS USSR, 
and Yakovleva, V. N. 
CITLEt wechanism of chain formation in n-decane oxidation 
PEKIODICAL: Akademiya nauk SSSR. Doklady, v. 145, no. 2, 1962, 365 - 469 


"EXT: The mechanism was experimentally investigated for liquid-phase 
n-decane to find out whether the reaction concerned is trimolecular 

(2 RH + 0,-*R® + B05 .4 RY < a5) or bimolecular (RH + 0. + HO, - Q,)° 
The chain formation rate a: was measured with2®-naphthene as inhibitor, 


whose concentration was measured by spectrophotometry after reaction 

with p-nitrobenzodiazonium chloride to form an azo dye at 150°C. The 
inhibitor consumption is liaearly time-dependent up to 4 30 - 40% conver- 
sion. The rate of inhibitor consumption, Woon? determinded from the 


foregoing, grows with the inhibitor concentration, i. @., the radical 
formation rate is so low at the beginning of oxidation as to become 
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comparable to the rate of inhibitor oxidation by O05. The resulting 
equation reads: - a ‘Ink lites ¥ ie, (Ink! POS WraR iS linearly 
dependent on [tnx]? (n=1.95 was found from the straight line in the 
coordinates d{InH'/dt, log InH,). Woe 2.6°1077 mole/liter-sec was 
determined from section cut off by the straight-line on the ordinate of the 


Fs ee <1 2 2 
Ww - Ind} diagram, and ky = 1.2°10° liter”/mole’+» sec from the slope. 


Ink 
The same value for Ks was also found when oxidizing with a 533 0, + 47% No 
mixture. Measurements at iifferent partial pressures of 0, and of 


n-decane - p-dichloro benzene mixtures of various compositions showed the 
chain formation reaction to be of first order with respect to the 0, 


concentration, and of second order with respect to the decane concentration. 


i: on 
~suv od 


¢ 
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Ko = 5.29107! ives uote see, i. e. a higher value, was established in the 


reaction in n-decane - p-dichloro benzene mixtures, evidently due to the 
polarity of the solvent. There are 3 figures and 7 references: 6 Soviet 
and 1 non-Soviet. The reference to the English-language publication reads 
as follows: C. A. Mc Dowell, J. H. Thomas, J. Chem. Phys., 17, 558 (1949). 


ASSCCIA®TIUN: Institut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Sciences USSR) 


SUBMITTED: December 11, 1961 
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SKIBIDA, I.P.; MAYZUS, Z.K.; EMANUEL’, HM. 


Study of kinetic regularities of complex chain processes as a 
method for determining the rates of formation and consumption 

of. intermediate products. Dokl.4N SSSR 144 no.1:170-172 

My '@, (MIRA 15:5) 


1. Institut khimicheskoy fiziki AN SSSR. 2, Chlen-korrespomient 
AN SSSR (for Emanuel’). 


(Hydrocarbons) (Chemical reaction, Rate of) (Oxidation) 
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B190/B102 
AUTHORS: Skibida, I. P., Kulitekiy, 2. I., Mayzus, Z. Ke 
TITLE: Reactivity of isomeric decanols, the intermediates of 


n-decane oxidation 
PERIODICAL: Akademiya nauk SSSR. Doklady, v- 148, no. 6, 1963, 1358-1360 


TEXT: The reactivity of decanols with hydroperoxides was determined from 
their consumption when added to the reaction mixture. The pure initial 
product n-deoane was added to the reaction mixture at a certain rate 
until a etationary concentration C, of the intermediate (alcohol) set in. 


A mixture ef decane and 0.205 mole/l of decanol-2 was added at the same 
rate, whereupon a higher stationary concentration Cy of the intermediate 


became established. If, instead of this mixture, mixtures of decanol-4 
and subsequently of decanol-5 having the same concentration were added, 
then the stationary concentration C, remained constant. The hydroperoxide 
concentration also remained constant during the experiments. Hence it 
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follows thet the decanols used exert no effect on the radial concentration 
in the system and have the same reactivity. The gross velocity of the 
formation of the alcohols in n-decane oxidation was found to be 


Yor” 7.491074 mole/l min. 


There is 1 figure. 


ASSOCIATION: Inititut khimicheskoy fiziki Akademii nauk SSSR (Institute 
of Chemical Physics of the Academy of Sciences USSR) 


PRESENTED: July 28, 1962, by V. N. Kondratyev, Academician 
SUBMITTED: July 23, 1962 
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SKIBIDA, I.P.; MAYZUS, 2.K.; EMANUEL’, N.M. 


Activation energy of the chain reactions by which 
alcohols are formed and consumed in the oxidation of 
nedecane. Dokl. AN SSSR 149 no.5:i111-1114 Ap '63. (MIRA 16:5) 


1. ‘Institut khimicheskoy fiziki AN SSSR. 2. Chlen-kerrespondent 
AN SSSR (for Rmanuel'), 
(Decans ) (Alcohols) (Chemical reaction, Rate of) 
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ZAIKOV, G.Ye.; MAYZUS, ZK. 
Polarity of the medium as effecting the activation energy of the 
chain continuation reaction in the oxidation of ethyl alcohol and 
methyl ethyl ketone. Dokl. AN SSSR 150 no.1:116-119 My '63. 
(MIRA 16:6) 

1. Institut khimicheskoy fisziki AN SSSR. Predstavleno akademikom 
N.N.Semenovym. 

(Ethyl alcohol) (Butanone) (Qxidaticn) (Activation energy) 
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ACCESSION NR: AP3007235 $/0020/63/152/001/0110/0113 
AUTHOR: Karpukhina, G. V.; Mayzus, 2. K.3 Emanuel’, N. M. Le 
(Corresponding member, AN issih e 


TITLE: Interaction of two ‘etianeees a hydrocarbon oxidation 
SOURCE: AN SSSR. Doklady*, v. 152, now 1, 1963, 110-113 


TOPIC TAGS: antioxidant, oxidation inhibitor, inhibitor, oxida- 
tion, hydrocarbon oxidation, hydrocarbon, synergism, synergistic 
effect, synergistic inhibitor, Neozone D, 2=naphthylamine, N-phenyl-, 
phenol. 2,6-di-tert-butyl-, benzene, ethyl-, isobutyronitrile, 
azodi-, Ionol, p-cresol, 2.6-di-tert=butyl-, phenolphthalein, 
tetraisopropyl~, diphenylamine, inhibitor consumption, consumption 
rate, free radical, hydrazine, tetraphenyl- 


ABSTRACT: The consumption rate of two inhibitors (antioxidants) 
of the ¢henol and aromatic amine type in hydrocarbon oxidation has 
been studied to clarify the mechanism of the synergistic effect of 


two inhibitors usec simultaneously. Neozone D [(N-phenyl-2-na hthyl- 
amine) and 2,6-di-tert-butylphenol (I) were used both separately 
and simultancously in ethylbenzene! oxidation initiated with 
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azobietsobutyronttrile land conducted at 70C, This oxidation 

has the advantage of being an “unbranched” chain reac- 
tion, Changes in inhibitor concentration tn tha course of oxida~ 
tion were determined spectrophotometrically by “ormation of an 
azo dye from the inhibitor and added diazotized p-nitroantline, 
It was found that a single inhibitor is spent at a rate equal to 
onewhalf the initiation rate, indicating that one inhibitor mole- 
cule reacts with two RO, free radicals. When the two inhibitors 
are used together, consumption of Neozone D is slight until prac- | 
tically all of the phenol I is spent. Neozone D is subsequently 
consumed at a rate close to the half-rate, . This amine-consump- 
tion inhibition {is observed at various ratios and total contents 
of the two inhibitors. The same inhibition was observed with other 
pairs of phenols and amines; e.g., Neozone D with 2,6-di-tert- 
buty l-4-methylphenol (Ionol) or with tetraisopropylphenolphthalein.' 
Replacement of Neozone D with another amine, diphenylamine, also 
resulted in considerable slowing of amine consumption in the presence 
of the phenol. In an attempt to explain this phenomenon, the rate 
constants of the reaction between inhibitor and kO, free radicals 
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Effect of organic acids on the mechanism of chain branching 
during oxidation of decane. Iz.AN SSSR.Ser.khim. no.2:281-286 
F '64. (MIRA 17:3) 


1, Institut khimichedpy fiziki AN SSSR, 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R001033120006-5" 


= -00513R001033120006-5 
y LEASE: 06/14/2000 CIA-RDP86 13 
aBEPRO bistoaldirid detect ee Cee ci Pang ap era 
PONENT ESA IY EOC Re ae Rat ye = eee = 
i 


ACCESSION NR: AP4024407 


8/0204 /64/004/001 /0082/0090 
K.3 Ezanuel', Ne Me 


aa a ea ee 


-Reactivity of intermediate materiale in hydrocarbon oxidation reactions, 


1 AUTHOR: Skibida, I, P.3 Mayzus, 2. 


' TITLE: 
SOURCE: Neftekhimiya, v, 4, no. 1, 1964, 82-90 
: TOPIC TAGS: hydrocarbon oxidation, reaction 


RO sub 2 radical, ethylbenzene oxidation, 
phenone, methyl phenylcarbinol, reactivity 


rete, hydroperoxide, alcohol, ketone, 
decane oxidation, kinetics, aceto- 


; ABSTRACT: The rates of reaction of hydroperoxides, @lcohols and ketones with RO 
radicals in the oxidation of ethylbenzene and n-decane were determined by a method 
developed by the authors (Uspekhi khimii 26, 416, 1957) wherein the rates of 
formation and consumption of reaction products ia an open system may be determined, 
The various parallel and consecutive reactions by which the chain oxidation of 
hydrocarbons may proceed were investigated and the reaction rates determined; 
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The kinetic curves of ethylbenzene consumption and hydroperoxide accumulation 
(fig. 1) and alcohol (methylphenylcarbinol), hydroperoxide and ketone (aceto- 
Phenone) accumulations (figs. 2 and 3) for reactions run at 118 C were drawn. 
Acetophenone is the end product of ethylbenzene oxidation; its rate of consumption 
ku" (R02) = 0, k z 0, and k, = 0.82 x 1079 mol/l.hr. The reactivity of ethylben- 
fda eton Products with ROZ increases in the series ethylbenzene 
(ky = 8.3 x 1079 hrs7hy, e1pha -hydroperoxide (k, = 7.8 x 10°* bre”*), and methyl- 
phenylcarbinot (kg' = 10.2 x 107%): the relative reactivicies sre 1:9.5:12, 
ke =: 7.8 x 10 0 l/mol.hr. The rate constants of the elementary reactions were 
secebminedy: “Maucs3 10") Ky sli? € 20" and ks < 1k 10° 1/mol.sec. The 
reactivity of n-decane, its hydroperoxide and its isomeric alcohols formed by 
oxidation at 140 C was determined (fig. 4). The rate of rgaction with RO, radi- 
cals_ or all the isomers igs fhe same, ka (RO>) = 3.8 x 10°" min™'; kz 1 (RO>) =: 2.6 
x 10 ~;5 ky, (RO, ) = 0.51 x 107%; hence the rate of reaction of RO increases in the 
order n-decene, alcohols, hydroperoxide in the ratio of 126.3114. As with ethyl- 
benzene, the reactivity of n-decane with the RO, radical is less than with their 
respective hydroperoxides or alcohols, Unlike ethylbenzene, the reactivity with 
the decyl alcohols is twa times less than with the hydroperoxide, leading to the 
formation of different products, in this case alcohols: 
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Kinetic curves of the consumption of hydrocarbon (curve 1, external scale) and 
accumulation of hydroperoxide (curve 2, internal scale). Ethylbenzene oxidized in 
open system v/V = 0.102 hr=1, 116°. 
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fig. 2 
Kinetic curves for the accumulation of alcohol (1), hydroperoxide (2) and ketone 
(3). Ethylbenzene oxidation in open system with ethylbenzene feed (part a) and feed 
of methylphenylcarbinol solution in ethylbenzene, containing 0.106 mol/1 alcohol 
(part b) and 0.17 mol. /1. alcohol (part c). v/V = 0.102 hr™*, 118°. 
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Fig. 3. Kinetic curves for the accumulation 
of hydroperoxida, ketone and Slcohol. Oxie 
dation of ethylbenzene in Open system with 
ethylbenzene feed (curves la, 2a, 3a) and 
feed of ethylbenzene containing 0.055 mol/l. 
acetophenone (curves lb, 2b, 3b), l--hydro- 
peroxide (internal scala); 2--acetophenone; 
3--methylphenylcarbinol, v/V = 0.102 hr=i, 
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Fig. 4. Stationary concentration of alcohols 
(i) and hydroperoxide (II) in oxidizing n- 
Cecane in open system; v/V = 2.7 x 10°? min], 
140°, Section l--pure n-decane feed; 2-- 
mixture of n-decane with decanol-2; in 

amount of 0.205 aol/l.; 3--mixture of n-decane 


with the same amount of decanol-4; 4--mixture 
of n-decane with decanol-5, 
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from the experimental. data and calculated. by allowing. for the effect of the alcohol | 
indicate that the .effect of the oxidation products: of n-decane is not limited to the =~ 
inhibiting ‘influence. ‘of the. -alcohol, and that on the contrary, other products preee | 

ent in the reaction mixture have an accelerating. effect: on the oxidation process. 

The: overall effect: of ‘all- the oxidation products ‘causes ‘first an increase, then a | 
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Mechanism of the catalytic decomposition of hydroperoxides 
under the effect of copper stearate. Dokl. AN SSSR 164 
N0.2:374~377 S 65, (MIRA 18:9) 
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L 
TITLE: Symposium on chain and free-radical’ reactions 


SOURCE: AN SSSR. Vestnik, no. 6, 1966, 76-26 


TOPIC TAGS: chemical conference, radical polymerization, oxidation Kinetics, 
chemical personnel, free radical, chain reaction, chemical reaction, reaction 
mechanism, polymerization kinetics, chemical detection, chemical synthesis 


ABSTRACT: A symposium on chin and free-radical reactions was held in Moscow 
from 11 to 14 April. The symposium was dedicated to Academician N. N. 
Semenov on the occasion of his 70th birthday and 50th year of scientific 
activity. Semenov himself made the opening address to some 500 Soviet 
and foreign scientists by outlining the history of development of his 
theory of chain reactions and combustion processes and by discussing the 
. theory of branched chain reactions, including the latest developments 
wnich have resulted from experimental work at the Institute of Chemical 
Physics, AS USSR. A significant new contribution to the theory of 
branching was made when Semonov introduced the idea that molecules in the 
excited state participate in branching. Semenov also advanced a hypothe- 
sis of the exciton mechanism to explain low-temperature / polymerization in 
the solid phase without activation energy. , 
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7 In addition to others branched chain reactions in the gas phase were 
treated in several papers: Nalbandyan. A. B. (Institute of Chemical 


Physics, AS USSR), and Voyevodskiy, V._ V., , and V. N. Panfilova aa 


of Chemical Kinetics and Combustion, AS USSR, Siberian Department) - 


rarefied flame reactions,‘bf sulfur and aunts compounds, and hydrogen 
with hydrocarbon additives, respectively; Sabo, 7. (Institute of Inorganic 


and Analytical Chemistry, Hungarian AS) -- decomposition react ions. 


Liquid phase reactions were discussed in a series of papers, the most 
interesting of which were: Emanuel', N. M. (Institute of Chemical Physics, 
i AS USSR) -- oxidation of organic cc compounds, specifically mild oxidation 

of low-molecular weight compounds under pressure and co-oxidation of 
| aldehydes and olefins, which yields large quantities of _ epoxy! tompounds ; 
Neyman, M. BY Yu. A. Shlyapnikov, Vv. B. Miller, and V. Ss. ‘Pudev (Institute 


of Chemical Physics, AS USSR) -- oxidation inhibiting activity of biphenols fe 
with narrow-spaced active groups; Roginskiy, S. Z., Andrianov, T. I.,and ; 
Yu. N. Rufov (Institute of Chemical Physics, AS USSR) -- the rate: ‘of oxy- 
gen-free radicals in hydroperoxide formation and the discovery of new 

solid catalysts'|and inhibitors of this process; Yenikolopyan, N. S. 


(Institute of Chemical Physics, AS USSR) the see transfer with breaking 
mechanism of the formation of heterochain polymers! by ionic po lymerization;! 


and Dolgoplosk, B. A. (Institute of Petrochemical Synthesis’ iis: PPS 
_Topchiyev, AS USSR) -- stereo-specific polymerization of diptte aTFi- “'k 


‘cally polybutadiene via n-allyl and n-ctotyl complexes of gpg ee: 
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Free-radical reactions were: studied, in addition to others, in the e ae 
papers by: Kondrat'yev, V. N., Academician -- review of the state-of-the 


art of research with emphasis on kinetic measurements of elementary free- 
radical reactions, specifically of thermal reneration, exchange, and re- | 
, combination reactions; Azatyan, V. V., and Dodonov, A. F., G. K. Lavrovskaya j 
and V. L. Tal'roze (Institute of Chemical Physics, AS USSR) -- determina- | 
) tion of rate constants of the reactions of atomic hydrogen, oxygen, and 
hydroxyl radicals and of atomic hydrogen with ethylene molecules, respec- 
tively; Shlyapnikova, N. L., A. P. Ballod, and V. Ya. Shtern -- detection 
of CHNO, CH,0, CH30 radical CHj,ONO, and CH,0NO, in products of the 


reaction of methyl radicals with nitrogen dioxide; Bagdasar'yan, Kh. S. 
Karpov Physicochemical Institute) -- the problem of reactivity of free | 


radicals; Freydlina, R. Kh (Institute of Heteroorganic Compounds, AS 

USSR) -- investigation of the free-radlen mechanism of telomerization ~~ 
and intramolecular rearrangement of free-radicals; and Razuvayev, C. A. 
and zankin (Laboratory of Polymer Stabilization, AS USSR) -- 
new research data on chain reactions with organometallic compounds, e.p., 
bis-[triethylgermy] cadmium with CC1,\to yield [(CoH,) se) CCl, at -75C. 
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ABSTRACT: A relationsuip has been established between the occurrence 
of synergism between two oxidation inhibitors—an aromatic amine (AmH) 
and an alkylphenol4 (phon) —and the etructure of the alkylphenol. This 


synergism is assumed to be due to a free-radical® reaction of the two 
inhibitores -- . 


ry 


AitH + ROS + Am> + ROLH qQ) i 
An* + PhOH % AmH’+ PhO°, (2) 
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The effect of phenols having different substituents ortho »r pera to 
the OH group, in conjunction with N-phenyl-f-naphthylamine {| (Neozone n) 
was studied in the azcbisiecbutyronitrile-initiated low-temperature 
(60——70C) oxidation of ethylbenzene, by a cheniluminescerve technique § é 
and by chemical analysis, It was shown that the synergiem occurs in 
the case of 0,o'’-dialkylphenols but not in the case of o-alkyl and 
nonsubstituted phenols. This was attributed to the fact that the rate. 
of amine regeneration (reaction (2)) increases with increasing PhO° 
|radical stability, which in turn increases with increasing steric 
hindrance of the phenol's OH group. A relationship was also estab- 
lished between the inhibitor effectiveness of the phenols [in the 
absence of the amine) and their structure. The criterion of inhibitor 
effectiveness used was the constant of the reaction of the phenol with 
ROS radicals, The activation energy of the reaction of 2,4,6-tri- 
tert-butyl phenol with RO> redicals was found to be 3.4 keal/nol, é aoa 
authors thank N. M, -~“Biauael: A. A. Beriin, and V. V. Yershov for ‘dis- 
cussing thie study. Orig. arte has: 4 figures, { SM] 
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Mechanism of ‘hain: branching. during staat elitr n-decane ‘tn the 
f cobalt stearate. Sy ———— is 
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OURCE: “Kinetika i ketalie, Ve a Ro. 2, 1966, 292-335 


OPEC Tass: decane, cobalt compound, catalysis, hydrepereniae, free radical 


ABS F CT: The Gatalyzed daccmevseition of nedecyi hydroperoxide (ROOH) in a aiendcen 
josphere: was studied at 60°-100°C in order to determine the mechanism of chain 


‘branching during the catalytic oxidation of n-decane with. cobalt stearate CoSt as the 3 


‘Catalyst. The ‘chain branching rate W-was found to increase with the hydroperoxide con- bet 
tration. ‘p ‘to'a certain value [ROOH] = [ROOH) x above which the rate of consump-. | 


“OF : the, hydroperoxide remains constant, indicating that the formation of radicals 
‘oduced by the. decomposition of the hydroperoxide) is. preceded by the formation of 
complex. Kinetic data. showed that the complex had the. composition [St2Co*ROOH]. 

“The rate constant of ‘the formation of radicals as a-result of the reaction of this Bay 
‘ panes with: cobalt stearate was ‘calculated: ‘to be ky = 2°10!7 exp(-24500/RT) 2£/mol sech,. 
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2 ‘equilibriun oe for the Foambitoa: of the siodpien K = 610° 5 exp(1000/RT) = : 
The results indicate that the great effectiveness of cobalt composition ot ¢ as a cata-— | : 


ysts is due to the high value of the rate acon tent of decomposition /F the hydro- 
peroxide. into. yadicale: which: 4s almost 103. times greater then the than the rate constant of | -- 
adic: pos tion in the. sence Of. catalyst. - Orig. art. hast 3 figures, 10. - | 
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